Animals that rely on vocal communication must broadcast sound so that a perceptible signal is transmitted over an appropriate distance. We found that male blue-throated hummingbirds modified the amplitude of their vocalizations in response to both naturally occurring and experimenter-controlled changes in ambient noise levels. This phenomenon is known as the Lombard effect and may increase the efficiency of acoustic signalling. This study demonstrates the effect under natural field conditions and documents the first hummingbird species (Apodiformes: Trochilidae) to show this behaviour. We measured sound pressure levels (SPLs) of Serial Chip territorial advertisement calls across a natural range of ambient noise, primarily due to creeks within male territories. We found a significant correlation between the amplitude of Serial Chips and the amplitude of background noise. To test this relationship, we broadcast recordings of creek noise at high and low amplitudes while target individuals were producing Serial Chip vocalizations. We measured vocal SPLs before and during the playback. Individuals responded to changes in playback creek noise by changing the amplitude of Serial Chip production. We also measured transmission properties of Serial Chip calls through natural habitat to calculate the approximate amplitude of vocalizations at the position of the calling bird. We suggest that amplitude regulation of vocalizations contibutes to signal transmission distance along with the established relationships between singing behaviour, acoustic structure and habitat. 
Animals that rely on vocal communication must broadcast sound so that a perceptible signal is transmitted over an appropriate distance. We found that male blue-throated hummingbirds modified the amplitude of their vocalizations in response to both naturally occurring and experimenter-controlled changes in ambient noise levels. This phenomenon is known as the Lombard effect and may increase the efficiency of acoustic signalling. This study demonstrates the effect under natural field conditions and documents the first hummingbird species (Apodiformes: Trochilidae) to show this behaviour. We measured sound pressure levels (SPLs) of Serial Chip territorial advertisement calls across a natural range of ambient noise, primarily due to creeks within male territories. We found a significant correlation between the amplitude of Serial Chips and the amplitude of background noise. To test this relationship, we broadcast recordings of creek noise at high and low amplitudes while target individuals were producing Serial Chip vocalizations. We measured vocal SPLs before and during the playback. Individuals responded to changes in playback creek noise by changing the amplitude of Serial Chip production. We also measured transmission properties of Serial Chip calls through natural habitat to calculate the approximate amplitude of vocalizations at the position of the calling bird. We suggest that amplitude regulation of vocalizations contibutes to signal transmission distance along with the established relationships between singing behaviour, acoustic structure and habitat. Animals that communicate acoustically are presented with the challenge of broadcasting signals so that they are heard above background noise. In exceptionally noisy environments, there is presumably strong selective pressure for strategies to minimize signal masking by background noise. Specialized adaptations of vocal production and behaviour have been identified in songbird, anuran and insect species that compete with high levels of environmental noise caused, for example, by physical features of the habitat such as wind, ocean and running water (Michelsen & Larsen 1983; Martens & Geduldig 1990; Römer 1992 Römer , 1993 , as well as noise caused by conspecifics and heterospecifics, such as is found in colonies (Jouventin et al. 1999) , choruses (Greenfield 1988; Lopez et al. 1988; Klump 1996) and mating arenas (Campbell & Clarke 1971; Gerhardt & Klump 1988) . Regulating vocal amplitude, by increasing sound intensity when background noise is high and decreasing intensity when background noise is low, may serve to increase the efficiency of acoustic signalling. This phenomenon is known as the Lombard effect and has been reported to occur across taxa, including humans (Lombard 1911), macaque monkeys (Macaca fasicularis and M. nemestrina, Sinnott et al. 1975 ), cats (Felis concolor, Nonaka et al. 1997 ), birds (Japanese quail, Coturnix japonica, Potash 1972 budgerigars, Melopsittacus undulates, Manabe et al. 1998 ; zebra finches, Taeniopygia guttata, Cynx et al. 1998 ) and anurans (white-lipped frogs, Leptodactylus albilabris, Lopez et al. 1988) .
Blue-throated hummingbirds inhabit areas of dense vegetation, typically near running water (Williamson 2000) . The regulation of vocal amplitude may be particularly adaptive in a riparian environment in which background noise may vary markedly over a wide decibel range, depending on the water level and the bird's proximity to the rushing stream. Furthermore, increases in background noise level may be abrupt and unpredictable following stochastic rainstorms.
